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OBJECT by rifle fire in 154 tests with .30 caliber

To develop a new explosive loading o 5 aie al

for the MiAl bangalore torpedo and M3 In functioning tests at ambient temper-
demolition snake which will improve the autanat-5Fbohfle1adte
performance of these items and which standard filler were reliably initiated by
will be less sensitive to rifle-bullet Type 11 special blast~ing caps inserted
impact. in the detonator. However, they could

not be initiated by No. 60 detonating
SUMMARY cord wrapped around one end of the

The MiAl bangalore torpedo and the treo
M3 demolition snake have 80/20 amatol Udrsmlrtstcniin h
as the main charge and crystalline TNT fle -oddtreocerd9%o
as the end charges. Because of the sensi- temnsi neprmna iefed
tivity of crystalline TNT to rifle bullet the standard loaded torpedo cleared 75 .%
fire, these demolition items are unsafeoftemnsThfilr1oaddm-
under combat conditions. liinsnake cleared 100% of the mines;

the standard-loaded snake cleared 87.57c
To improve the safety and performance oftemn.

of both the torpedo and snake, the follow-

itndar loadings:eecoprdwt h A torpedo loaded with filler 1 producedi~ I- sandrd oadng:the largest crater, 24 cubic feet. Filler
[ 12 produced a crater of 16 cubic feet, and

the standard fillet a crater of 12 cubic
Filler 1 Composition B Composition A-3 feet.
Filler 2 TNT (cast) Composition A-3
Standard Filler 80/20 smatol TNT (crystalline)

Although tests at Picatinny Arsenal

Filler 1 was less sensitive to rifle- showed that torpedoes loaded with filler
bullet impact than the standard combi- 1 were somewhat superior in w~re-CLUtting

nation.effectiveness, no appreciable difference
in this respect was demonstrated in the

Although Composition A-3 was not tests conducted at Fort Knox,
affected in 150 bullet-impact tests using CmoiinBo atTTi rf
.30 caliber ball, .50 caliber ball, .50 CmoiinBo atTTi rf
caliber AP or .50 caliber APIT rounds, eal o8/0aao stecne
crystalline TNT detonated 47 times in charge of these items because amatol is
98 tests using .30 caliber or .50 caliber more difficult to load and is hygroscopic.
ball. Composition B, 80/20 amatol, and The only apparent disadvantage in the
cast TNT were all essentially unaffected use of Composition A-3 is that it is
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slightly more difficult to load than was assumed that the 80/20 amatol

crystalline TNT. center charge of the MiAl bangalore was
relatively insensitive to bullet impact

CONCLUSION while the crystalline TNT end charges 4
were sensitive to Such impact. The basic

The use of Composition B as the problem, therefore, was to develop a re-

main charge and Composition A,3 as placement for the crystalline TNT. It

the end charges in both the bangalore was also apparent that because 80/20

torpedo and the demolition snake im- amatol is difficult to load, is extremely

proves their performance and rifle-bullet hygroscopic, and has a low rate of

safety. detonation, a better center charge could
probably be developed.

RECOMMENDATIONS
"3. Composition A-3 and Composition

Composition B and Composition.A-3 B were selected for study as the end t

should be used as the center charge and charges and center charge, respectively.

end charges, respectively, for the banga- In December 1953, however, OAC re-

lore torpedo and demolition snake quested that cast TNT be approved as an
cartridge, alternate center charge for the torpedo

because of the difficulty in loading 80/20

Cast TNT should be used as an amatol (Ref B). Accordingly, the investi-

•- alternative center charge for these demo- gation was expanded to include tests of
licion items. .. torpedoes loaded with a cast TNT center . --

charge'and a Composition A-3 end charge.

The use of explosive pellets for the I
end chiages of the torpedo should be 4. When the investigation of the

investigated. MIAI bangalore torpedo was begun, it [
was requested that the M3 demolition

INTRODUCTION snake be included in the study (Ref C).
Because the problem was almost identical

1. Picatinny Arsenal was requested for both items, the development tests
(Ref A) by the Office, Chief of Ordnance, were conducted only with the torpedoes.

to develop, for the MiAl bangalore torpedo, This report covers these tests and also

an explosive charge which would be in- includes the results of Army Field Force

sensitive to rifle and machine gun fire. Board Tests of filler I-loaded bangalore

This new charge was to function reliably torpedoes (designated M1A2) and demo-
at temperatures ranging from -65 0 F to lition snake cartridges (designated M3A1)
125°F and was to give improved per- both containing Composition B as the
formance if possible. main charge and Composition A-3 as the

end charges.

2. In approaching this problem, it

2
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RESULT$ tests at -65'F.

5. Bangalore torpedoes, with three (3) 80/20 amatol gave no action

different explosive loadings as shown in 22 tests with .30 caliber

below, were tested for sensitivity to ball. In 38 tests of this ex-
rifle-bullet impact at -650 F, 160 0F, and plosive with .50 caliber ball,
ambient temperature: no action was noted except

that smoke was observed in
Main Charge End Charges 3 of the 6 tests at -65 0 F.

Filler 1 Composition B Composition A-3
* - Filler 2 TNT (cast) Composition A-3Stid~ File 8020AmaolTNTerstslle) .. 6.1 Sensitivity to initiation was de-

Standard Fillet 80/20 Amaral TNT (crystalline). erie btsinbnaoetrpdsStermined by testing bangalore torpedoes

The results, detailed it) Table 1, are with two types of end charges, Compo-

[,I summarized below: sition A-3 and crystalline TNT. The re-

sults, detailed in Table 2, were:

a. End Charges
a. Blasting Caps: Twelve torpedoes(1) Composition A-3 gave no(a)comtion in 3 gavests noh .with Composition A-3 end charges were

actionr inl, 55 tests with .3tested at ambient temperature, 10 at
caliber ball, 83 tests with -400 F, and 2 at -650 F. Seven torpedoes
each with .50 caliber AP and with crystalline TNT end charges were
e .50 caliber APIT rounds, tested at ambient temperature only. Withi

TN.etnte n a Type II special blasting cap, all of the
-..(2) Crysllin Tabove torpedoes were unfailingly initiated.

13 of 45 tests with .30 caliber
"ball and in 34 of 53 tests with b. No. 60 Detonating Cord: With

.50 caliber ball. No. 60 detonating cord wrapped around
one end of the cartridge, 8 out of 10

b. Center Charges torpedoes with Composition A-3 and 3

(1) Composition B gave no action out of 5 with crystalline TNT end charges

in 22 tests with .30 caliber failed to initiate at ambient temperature.
b8tests with . In 7 tests at -65°F using No. 60 deto-

bclliand inl38 nating cord wrapped around Composition
A-3 end charges and with the loose cord

end inserted in the fuze well, 4 torpedoes(2) Cast TNT gave no action in
failed to initiate.

10 tests with .30 caliber ball.
In 26 tests of cast TNT with

c. No. 45 Detonating Cord: With: .50 caliber ball, no action

was noted, except that smoke ' No. 45 detonating cord wrapped around

was observed in 3 of the 6 the end, 6 torpedoes, 3 each with

3
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Composition A-3 and crystalline TNT and snakes loaded with both the ie I
end charges, all failed to initiate when and the standard filler combinations.
tested at ambient temperature.

10, Mine Clearance: Mine clearance
7. Barbed-wire-clearance tests were tests were conducted at Fort Knox with

conducted at Picatinny Arsenal using a the torpedoes (Fig 5) and the snakes
specially constructed frame with barbed (Fig 6). The filler 1 charge was compared
wire strands (Fig 1). The appearance of with the standard charge in both these
the wires after firing is shown in Figure 2. items. Test results are given in detail
Detailed results, given in Table 3 are in Table 4 and summarized as follows:
summarized as follows:

a. In dry soil, torpedoes loaded
a. Torpedoes loaded with filler I with filler I cleared 90% of all AP and

cut a total of 73 double strands of No. 12 AT mines over an 8-foot path width and
gage barbed wire in 5 tests. 78.2% over a 14-foot path width; the

standard torpedoes cleared 75% and

b. Torpedoes loaded with filler 2 59.5%, respectively.
cut a total of 68 double strands.

b. In wet soil, torpedoes loadedl

c. The standard torpedoes cut a with filler I cleared 93.5% of all AP and
total of 65 double strands of barbed wire. AT mines over a 5-foot path width and

72.8% over 14. feet; the standard tor-
8. Fort Knox Tests: Wire clearance pedoes cleared 56.3c and 53.2%, re-

tests were also conducted at Fort Knox. spectively.
These tests showed no appreciable differ-
ence in barbed-wire-clearing effectiveness c. In dry soil, snakes loaded with
between torpedoes loaded with filler I filler I cleared 100% of all AP and AT
and the standard loaded torpedoes (Ref F). mines over a 55-foot path width and

90.5% over 70 feet; the standard snake
9. Crater Formation: In cratering tests cleared 87.5% and 81.5%, respectively.

conducted at Picatinny Arsenal, the tor-
pedoes loaded with filler 1 formed a crater
of approximately 24 cubic feet with a d. In wet soil, snakes loaded with
depth of I foot. The standard torpedo filler I cleared 100% of all AP and AT
formed a crater of approximately 12 cubic mines over a 25-foot path width and
feet with a depth of 8 inches, while the 90.5% over 60 feet; the standard snake
units loaded with filler 2 formed a crater cleared 84% and 74.5%, respectively.

of approximately 16 cubic feet with a
depth of 8 inches (Table 3). Figures 3
and 4 give detailed dimensions of the 11. Durability Tests: Durability tests
craters formcd at Fort Knox by torpedoes were conducted at Fort Knox to determine

4
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the ability of filler 1 loaded in both tile around one end of the torpedo. For some
bangalore and snake to withstand the of the tests, the loose end was inserted
severe treatment of being pushed and into the detonator well. Neither the
dragged along secondary roads and cross- crystalline TNT nor the Composition
country terrain, Both items withstood A-3 was consistently initiated. It should
the test without incident (Ref D). be noted that instructions prescribing

detonating cord for initiating torpedoes
DISCUSSION.OF RESULTS are indefinite in that the weight of the

cord to be used is omitted. What is im-
12. Main and End Charge Sensitivity: portant is that the end charges were

The principal reason for seeking a re- initiated unfailingly when a Type I1

placement for the crystalline TNT end special blasting cap was inserted in the
charges in the M1Al bangalore torpedo detonator well. When the cap alone was
and M3 demolition snake is that TNT used as the initiator, Composition A-3
in granular form is highly sensitive to functioned in all tests at ambient temper-
rifle bullet impact. Durihg testing, a ature, -401F' and -65oF. There wa.
marked contrast was obsiived In the never any question as to complete",
rifle bullet sensitivity of crystalline functioning...
TNT and that of Composition A-3, TNT.,,
detonated 13 out of 45 shots with a .30 14. Barbed Wire Clearance: Tests
Cfiliber ball and 34 out of 53 shots with conducted at Picatinny Arsenal to de-
Sa '50caliber ball...Composition A.3 not termine tie wre i-

I nly diidnot react to 50 calIbtr and of the :various explosive combinations __ I;
.50 caliber ballbut, in thelmitednumber showed that filler1-loaded torpedoes-

'-if te'st....iite.d. •w•as otdeto-iaed were slightly- superior -to the-standard

by, -56 calibef-MPT r-urdas..B61llet- to~rpedo-and- , o the, wiler I-lo 'ade items.
sensitivity tests of cast TNT, 80/20 Tests conducted at Fort Knox showed
'amatol, and& Composition. B as •ceter or no appreciale difference in this respect
main charges showed that all of t-hese between filler 1-loaded torpedoes and
explosives are essentially Insensitive the standard torpedoes. Judging the total
to impact by a .30 caliber or a .50 caliber results conservatively, it may be con-.
ball. cluded that units loaded with filler 1-are

at least as effective in wire clearing as
13. Sensitivity to Initiation: Tests of the standard units, It is understandable

the comparative sensitivities of crystal- that the Picatinny Arsenal tests detected
line TNT and Composition A.3 to initiation a difference in performance, whereas the
by No. 45 or No. 60 detonating cord were field tests did not. The Picatinny Arsenal

included, because it was believed that test structure was designed for the
this was one of the required methods of specific purpose of measuring performance
initiation (Ref E). The cord was wound quantriatively.

9
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15. Both at Picatinny Arsenal and at addition to its more obvious advantages,

Fort Knox, cratering tests showed that filler 1 has another desirable feature,
filler 1-loaded torpedoes produced ap- namely, higher density. The snake

preciably wider and deeper craters than cartridge with filler 1 weighs 50.6 pounds,

the standard type. At Picatinny Arsenal whereas the standard-loaded (cartridge

filler 2.-ioaded Eorpcdoies wete inckluded eghs 40.6 pnnindq! the hanaOnre

in the cratering tests. These were found cartridge with filler 1 weighs 15.42
uto be inferior to filler 1-loaded bangalores, pounds, whereas the cartridge with the

but spiperior to the standard units. The . sadr ilrwih 24 onsI ~ ~cratering capability of cne bangalore biosythsurorperomneo
torpedo should be consider~ed an important filr1sduinaagemaretth
functioning characteristic because itgetrwigto h xpoie ti

r Fietns' the mine~clearn oeta also evident- chat this higher charge

of the! demolition item. In actual mine- dens ity', makes it possible to improve the I
* clearing rests conducted at Fort Knox, standard torpedo and snake in either of

filler 1-loadings proved consierbytows:I

IImore effective than the standard loadings
with both the torpedo and the snake. a, Improved performance can be

' .achieved by using the'standard metal

16. the durability tests at Fort parts and accepting. the greater'loaded ..

Knox showed that-filler 1-loaded units weight of filler 1.

*-c-artbe s-af ely--handled.ý This was demon- J

strat ed by the .fact that they withstood b. Standard performance can be' ob,-

[ ue~idnsyibrrinsy ~ aifmedby-redeigning the metal parts so__

shokrrI rk, wc-er. imparted to them by that the items, when loaded, would weigh.
rouh~adcret-en towhch the sAme asý the present standard unit,-

Ih special 11. but would be smaller.
j they were'siubjected.

7I 18 Although Composit ion A-3 con
17. it i~ known frdyn laboratory tests

that Composi .tion B is ,more brisant than be tamped into the torpedo or snakei as

80/0 a~tl. hi gratr bisnceisthe end charges without great difficulty,

demnstate b it, sperorthe simple pouring operation involved

and cratering effectiveness. It is also' in the, loading of granular TNT, is certainly
know tht aato ishy~oscpicandeasier, The loading procedure for the end
may herfor beexpetedto uncioncharges can, however, be simplified by

less reliably under certain conditions using Composition A-3, or probably some

than the relatively non-hygrasoCpicL other appropriate explosive, such as

YComposition B. Composition.A.3 isPXinplefom
more brisant and less sensitive to rifle

bullet fire than the granular TNT. In 19. In view of the superior performance

10
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ýnd rifle-bullet, safety of filler iloaded initiate torpedoes was performed by

torpedoes and snakes, the items loaded attaching the cord within 2 inches of the

with this filler were released for pro- end of the torpedo using a four-loop clove.

ducrion engineering studies. In accordance hitch. A blasting cap was then faste ed

with ,Reference G, the torpedo and snake to onr free end ofl the cord and detonated.

wih iler1 wer designated: torpedo, In a modification of this test, the same

bangalore. MIA2, and snake, demolition, procedure was used except that one end 2
M3AL ,respectively, of the cord was f irst placed inthe'deto-

Snator well.
JVXPERIMENTA PROCEDURE

23. In all initiation tests except those
&igT w tadard MIAI bangalore conducted with detonating cord,4~ Type 11

rorpecloe ,x'.were 'loaded in' accordance special blasting cap was inserteo in the

wit th drwig sowninFigare7.detonator well of the 'torpedo and initiated
Torpo4oes containing filler 1 we-re loaided with a~ten-cap blasting machine.',"
ast shoIn in pire 8. Torpedoes. cone

taining filler 12 were loaded in accordance ~. 24. Fror the barbed wire cutting test

with the same drawing except that cast cond ucted' at Picatinny Arsenal, a frame

TTwas used in place of Compouitiont 3D feet. longtby'20 feet wide was'con-
B. In loading Comnposition -A-3,'a weighed stuce o 1'inch pieNo ge

portion was poured into teends of the double-strand barbed wire, was st ruag

tban cfsldtdbhadcaptg- 2 feet apart sand hind tight~ned. i9u
with a wooden rod. 'The" standardM3 'te _Ttapr-~th11a-atuw

_ __--dernoitwinaktewere-loadt ibic Tha each tier were ,arraned. -The torpedoes A

cordanace with-fign~9 nkecrrde werei Olaced f~n dry, rocky,,rund 3 -feet

containing filler 1 were loaded in ac- below ,the first tie'r-and perfendicular to
cordance with Figure 10. th itinfter barbed wire (Fig 1)

foredThebuletimac tetswer pr- All units were fired at ambienti temper-

foredbyplacing asingle torpedo hoi-.

zontally on a mound of earth. Target 25", Durability tests on the torpedo
points were marked L2 inches and 15 inches 'Cartridges were performed at Fort Knox

from- each end of the cartridge. the effect by towing a train of several lengths,

of the firing on the explosive was ob-," butted end to end, over cross-country

served -and recorded. Complete destruction terrain. The durability of the M3 demo-

of the torpedo was reported as "deto- lition snake was tested with a 175-foot

nation" and the appearance of smoke length of the snake. Fifty feet of the

was reported simply as "smoke." cartridges, loaded with filler 1, wore

placed in the middle. The test consisted

22. The test to determine whether' of towing and pushing the units 3 miles

detonating cord could be used to over cross-country terrain.
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REFERENCES 1Board Number 2 (8576, DU) Office,
Chief of Army Field Forces, Fort Knox,
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TABLE 4

Clearance of AP and AT Mines by
Bangalore Torpedo and by Demolition Snake

Bangalore Torpedo

% Cleared' In Dry Soil % Cleared in Wet Soil
Total Path Width,

It Stonirard Filler Filler 1 Standard Filler Filler 1
04 10.0 100:0 100.0 100.0

5 87.5 87,5 56 3 93.5
S6 87.5 87.5 61,0 82.2

8 75.0 90.0 58.0 85.7S10 67%9 78,6 53,5 74.0
1259.5 5.2 76.6
14 59.5 78.2 53.2 72.8
16 47.5 71.5 44.0 65.9

Demolition Snake

10 83.5 100.0 100.0 100.0
'15 94.5 10Q. 84.5 100.0
20 95.5 100.0 88.0 1000

.25 96.5 10010 84.0 100.0
- ... ..... . - 0- . . 1 o0.0 87.5 94.0

735 0.5 100.0
,iv 5.- 87.0 75.0; i +45 . 93.5 100.0 82.5 ,,'
5'•0 + 90.0 100.0 79.0 96.0 • i

3L . 55 :''8 . 100.0 73.0 '.96.5 • *
S,., 60 •:85.0 97.0 74.5 90.5•

65 85.0 94.0 71.0 91.0
70 81.5 90.5 100.0 83.5
75 76.5 88.5 100.0 100.0
o 80 74.0 86.5 100.0 100.0
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